An ongoing controversy is the role of marrow cells in populating the alveolar epithelium. In this study, we employed flow cytometry and histologic techniques to evaluate this process. Donor bone marrow was harvested from transgenic mice expressing the LacZ or eGFP gene ubiquitously, or under the control of the human surfactant protein (SP)-C promoter, and transplanted into lethally irradiated, neonatal mice. In recipients transplanted with marrow that express eGFP or lacZ ubiquitously, light microscopy revealed cells whose morphology and location were compatible with a type II cell phenotype. Consistent with this, fluorescent microscopy suggested colocalization of eGFP and pro-SP-C proteins in single cells. In mice transplanted with SP-C-eGFP marrow, engraftment was not detectable by histology or flow cytometry. We therefore used deconvolution microscopy to reanalyze histologic sections that were thought to show marrow-derived type II cells. We found that all putative marrow-derived pneumocytes resulted from the overlapping fluorescent signals of an endogenous pro-SP-Cϩ type II cell and a donor-derived eGFPϩ cell. Taken together, our observations underscore the technical difficulties associated with evaluating engraftment in lung, and argue against a contributory role for marrow cells in populating the alveolar epithelium.
Based on the findings of several different laboratories, it has been postulated that cells mobilized from the bone marrow serve as precursors of differentiated cells specific to nonhematopoietic organs, including the heart, brain, liver, and lung (1) (2) (3) (4) (5) . Despite the considerable biological and therapeutic implications of these findings, it remains controversial whether solid-organ engraftment by bone marrow cells actually occurs. One issue is the fact that several laboratories have been unable to detect engraftment after conducting similar experiments (6) (7) (8) . Though differences in experimental set-up and technique may explain this discrepancy (9) , an alternate explanation is that the accepted methods of detecting engraftment have not been sufficiently rigorous. For instance, conventional microscopy may not be able to resolve overlapping or juxtaposed cells, leading them to be erroneously identified as a single cell with co-localized markers. These issues are particularly relevant for the alveolar regions of the lung because of the close apposition of capillaries, epithelium, and air interface.
In this study, we sought to systematically evaluate marrow cells that by conventional microscopy appeared to engraft as type II cells. Chimeric animals were generated by transplanting irradiated neonatal mice with unfractionated bone marrow cells that express the transgenes LacZ (Escherichia coli ␤-galactosidase) or eGFP (enhanced green fluorescent protein). In mice transplanted with marrow cells expressing eGFP or lacZ ubiquitously, the presence of engrafted alveolar epithelial cells was initially suggested by light microscopy, by co-localization of eGFP and pro-surfactant protein C (pro-SP-C) during fluorescent microscopy, and by flow cytometry of fixed and stained cells. On the other hand, immunostaining of cytospin preparations revealed no type II cells that express eGFP. Furthermore, we did not detect type II cell engraftment in mice transplanted with marrow from donors that express eGFP under the influence of the SP-C promoter. After reexamination of "engrafted" cells by deconvolution microscopy, we found that the apparent coexpression of markers instead arose from the tight juxtaposition of an endogenous type II cell and a marrow-derived, transgene-positive cell. These findings indicate that analysis of lung engraftment by conventional methods gives rise to false positives, and argue against a role for mobilized marrow cells in populating the alveolar epithelium.
MATERIALS AND METHODS

Mice
Wild-type B6129SF1 mice were transplanted with bone marrow from B6129SRosa 26 mice that ubiquitously express the LacZ gene. The LacZ gene encodes for the E. coli ␤-galactosidase, whose activity can be detected by its cleavage of the chromogenic substrate 5-bromo-4-chloro-3-indolyl-␤-D-galactoside (X-gal) to release an insoluble bright blue precipitate. Wild-type C57BL/6J mice underwent transplantation with bone marrow from C57BL/6-Tg(ACTbEGFP)1Osb/J mice that ubiquitously express eGFP (actin-eGFP) (10), or from mice that express eGFP under the direction of a type II pneumocyte-specific promoter (SP-C-eGFP) (11) . eGFP is a recombinant protein with 35-fold more intense fluorescence than the original Aequorea Victoria green fluorescent protein. Negative control mice were transplanted with strainmatched, wild-type bone marrow. The SP-C-eGFP transgenic mouse was kindly provided by Dr. Michael O'Reilly (University of Rochester, Rochester, NY). All other mice were purchased from Jackson Laboratories (Bar Harbor, ME).
Irradiation and Bone Marrow Transplantation
Donor bone marrow was flushed from the femurs, tibias, and humeri of 6-to 8-wk-old mice with cold sterile PBS. The cell suspension was repetitively aspirated until no visible fragments remained. Cells were pelleted at 300 ϫ g for 10 min at 4 ЊC before counting.
Recipient mice at 3 d of age underwent whole body split-dose irradiation (5 Gy ϫ 2 doses) from a cesium radiator, followed by intraperitoneal injection of whole bone marrow cells (2 ϫ 10 7 cells in 0.1 ml PBS). This dose of radiation results in myeloablation of the bone marrow, with no survival at 10-14 d in the absence of marrow transplantation (n ϭ 3). In bone marrow recipients, reconstitution of the bone marrow resulted in levels of eGFP expression in CD45ϩ bone marrow cells similar to eGFP marrow donors (data not shown). After irradiation and bone marrow transplantation, mice were kept with their mothers under standard housing conditions, and fed acidic water and soft gel food. All animal studies adhered to protocols approved by the National Institute of Health and the Boston University Institutional Animal Care and Use Committee.
Immunohistochemistry of Recipient Lungs
At intervals of 2 wk, 1 mo, or 3 mo after transplantation, engraftment was evaluated. For histologic detection of marrow-derived cells in LacZtransplanted mice, lungs were processed with the ␤-galactosidase substrate X-gal. Mice were killed and lungs were inflation-fixed with 1.5 ml of 0.25% glutaraldehyde/2 mM magnesium chloride for 15 min. Lungs were reinflated and deflated three consecutive times with PBS. Lungs were then inflated with Xgal solution (0.1% X-gal, 5 mM potassium ferrocyanide, 5 mM potassium ferricyanide, 2 mM magnesium chloride in PBS, pH 7.4), removed, and immersed in Xgal solution overnight at room temperature. The following day, lobes were dissected out, rinsed in PBS, formalin-fixed, and paraffin-embedded.
To detect marrow-derived cells in mice transplanted with eGFP bone marrow, we performed immunohistochemical (IHC) staining for eGFP. Lung sections were deparaffinized with xylene and sequentially hydrated with graded alcohols. Sections were quenched with 3% hydrogen peroxide/methanol to reduce endogenous peroxidase activity and blocked with 1% goat serum to reduce nonspecific antibody binding. Rabbit anti-GFP antibody (Chemicon, Temecula, CA) was applied. Secondary detection was performed with a biotinylated goat anti-rabbit antibody followed by incubation with the avidin-biotin complex (ABC kit; Vector Labs, Burlingame, CA) and the chromogenic substrate 3, 3Ј-diaminobenzidine. Slides were nuclear counterstained with methyl green.
To determine whether marrow-derived cells had acquired the molecular phenotype of type II pneumocytes, we performed dual immunofluorescent (IF) staining for eGFP and pro-SP-C. After deparaffination and graded hydration, slides were quenched with 1% sodium borohydride and blocked with 1% goat serum. Rabbit anti-pro-SP-C antibody (Chemicon) was added, followed with goat anti-rabbit antibody conjugated to Alexa Fluoro 568 (Molecular Probes, Eugene, OR). Slides were then blocked with 1% rabbit serum and stained with Alexa Fluoro 488-conjugated rabbit anti-GFP antibody (Molecular Probes). Nuclear counterstaining was performed with 4Ј6-Diamindino-2-phenylindole dihydrochloride (DAPI; Vector Labs).
Microscopy
Light microscopy. Slides were viewed using a Zeiss N HBO100 microscope (Thornwood, NY) equipped with a mercury vapor-short-arc lamp, with double bandpass filters for fluorescence (DAPI: excitation 390/20 nm and emission 460/50 nm; Alexa Fluoro 488 or eGFP: excitation 475/ 40 nm and emission 530/50 nm; Alexa Fluoro 568: excitation 560/40 nm and emission 630/75 nm). Images were captured with an AxioCam MR CCD digital camera and further processed using Axiovision 3.1 software (Zeiss). Light microscopy images were photographed in color, while fluorescent images were photographed in black and white under each filter, then electronically merged and pseudo-colored.
Deconvolution microscopy. After initial viewing of lung sections under wide-field fluorescent microscopy, cells that appeared to coexpress eGFP and pro-SP-C were situated with a Lovins Micro-Slide Field Finder (Gurley Precision Instruments, Troy, NY) and reanalyzed with deconvolution microscopy. Slides were visualized on an upright Olympus IX70 microscope (Melville, NY) with a mercury arc lamp as the illumination source, and double bandpass filters for fluorescence (DAPI: excitation 360/40 nm and emission 457/50 nm; Alexa Fluoro 488 or eGFP: excitation 490/ 20 nm and emission 528/38 nm; Alexa Fluoro 568: excitation 555/28 nm and emission 617/73 nm). Sequential images of each cell of interest were captured by a Coolsnap_HQ/ICX 285 CCD camera (Photometrics, Tucson, AZ) at intervals of 0.1-0.2 m through the z-axis using the Deltavision SoftWoRx Resolve 3D Software version 3.3.1 (Applied Precision, Issaquah, WA). Stacked images were deconvolved using the conservative approach with 15 iterations and a smoothing function of 0.5, with an image size of 512 ϫ 512 pixels and a Bin of 1 ϫ 1. A three-dimensional reconstruction of the deconvolved images was rendered using the Volume Viewer option, and was rotated 360 degrees around four separate axes. Cells were designated as co-expressing eGFP and pro-SP-C fluorescence if the two signals remained merged on rotational viewing (60 views total). Images were also analyzed with distance measurement tools.
Preparation of Lung Suspensions for Flow Cytometric Analysis
Lung tissue from the transplanted mice was digested using a modification of the methods described by Corti and coworkers (12) . Mice were anesthetized with isofluorane and the left renal vessels were severed to reduce blood volume. To further minimize erythrocytes, the right ventricle was perfused with 10 ml of cold sterile PBS. The trachea was cannulated with a 22-gauge catheter, through which 3 ml of dispase at 37 ЊC (BD Discovery Labware, Bedford, MA) then 0.5 ml of 1% lowmelt agarose at 45 ЊC (Sigma, St. Louis, MO) was infused. The lungs were iced in situ for 2 min, then removed into 1 ml of dispase at room temperature for 45 min. The proximal airways were removed and the remaining lung tissue was transferred to a 60-mm culture dish with 7 ml of 0.01% DNase (Sigma) in DMEM and further dissociated with the curved tips of fine forceps. The cell suspension was filtered sequentially through 100-m and 40-m Falcon cell strainers (Becton Dickinson, Franklin Lakes, NJ) and 25-m nylon mesh (Sefar America, Kansas City, MO). The modified Papanicolaou (PAP) stain was performed to confirm type II cell content (13) .
Antibody Staining for Flow Cytometry Analysis
Prior to pro-SP-C antibody staining, lung cells were fixed with 2% paraformaldehyde. Cells were then incubated with rabbit anti-pro-SP-C antibody (Chemicon) or rabbit immunoglobulin, followed by phycoerythrin (PE)-conjugated goat anti-rabbit IgG F (abЈ) 2 (Caltag, Burlingame, CA). Antibody dilution and post-staining washes were done using a permeabilization buffer (PBS plus 0.1% saponin).
In mice transplanted with SP-C-eGFP bone marrow, no antibody staining was performed because donor-derived type II cells were expected to be directly identified by eGFP fluorescence. After preparation of the initial lung suspension, unfixed cells were kept on ice until analysis. Propidium iodide (PI) (2 g/ml; Sigma) was added at the onset of flow cytometry to exclude dead cells.
Flow cytometric analysis was performed on a Mo-Flo instrument (Cytomation, Fort Collins, CO). A 488-nm air-cooled argon-ion laser was used for excitation of eGFP, PI, and PE, and a 647-nm argonkrypton diode laser for excitation of APC. Data was analyzed with Summit software (Cytomation). For some experiments, we used a FACScan (Becton Dickinson) instrument and Flow-Jo software (Flow-Jo, Ashland, OR).
Cytocentrifuge Analysis
After proteolytic digestion, aliquots from the initial lung cell suspension and lung cells sorted for eGFP fluorescence were prepared for cytocentrifuge analysis using a Thermo-Shandon cytocentrifuge (ThermoShandon, Pittsburgh, PA) at 750 rpm for 4 min, followed by 4% paraformaldehyde fixation. Immunofluorescent staining was performed for eGFP and pro-SP-C. Cell content for eGFP was analyzed as follows: first, negative control slides prepared from recipients of wild-type bone marrow were viewed on the computer screen as digitized images, and the exposure time of the camera was adjusted as needed. Then, the same exposure time was used to generate live online images from cytospun slides of mice transplanted with eGFP bone marrow. Using only the digitized images on screen as our guide, we scanned through multiple fields of view at ϫ40 magnification, during which three independent observers counted the number of positive staining cells. Counts were averaged and divided by the total number of viewed nuclei. At least 300 nuclei were counted for each slide. Pro-SP-C content was assessed similarly, using isotype slides incubated with rabbit immunoglobulin to set exposure time.
RESULTS
Marrow Engraftment Assessment by Light Microscopy and Widefield Fluorescent Microscopy
To begin to determine whether bone marrow-derived cells are mobilized to engraft as type II pneumocytes, we first viewed histologic lung sections from recipient mice under light microscopy at 1 mo after transplantation. In lung sections from four mice transplanted with LacZ bone marrow, donor-derived inflammatory cells were frequent and occurred both within the alveolar space, and around the airway (data not shown). In addition, we identified occasional blue X-gal-stained cells in the corner of alveoli ( Figure 1A ). These cells exhibited cuboidal and granular morphology compatible with the type II pneumocyte phenotype. No X-gal-positive cells were observed in mice that received wild-type bone marrow transplantation (data not shown).
To confirm these findings, we analyzed histologic sections from four mice transplanted with eGFP-labeled bone marrow. Immunoperoxidase antibody staining against eGFP suggested that engraftment as type II cells also occurred in these mice ( Figure 1B) . Again, marrow-derived cells with a cuboidal, granular morphology at the corner of alveoli were detected. These cells contained numerous granules suggestive of lamellar bodies, and were identified in all four recipient mice.
Next, immunofluorescent staining was performed to establish co-localization of donor marrow (eGFP) and type II pneumocyte markers ( Figures 1C-1E ). To identify type II pneumocytes, we used the polyclonal antibody to pro-SP-C, which localizes exclu- sively to these cells in the murine lung by Embryonic Day 17 (14) . The fluorescent signal of pro-SP-C is predominantly granular, as it is confined to multivesicular bodies adjacent to lamellar bodies (15) . Using this technique, cells that seemed to stain for both eGFP and pro-SP-C were identified, further suggesting that bone marrow-derived cells had engrafted as type II pneumocytes. No eGFP-positive cells were detected in the lungs of mice transplanted with wild-type bone marrow (data not shown).
Marrow Engraftment Assessment by Flow Cytometry and Staining of Cytospin Preparations
Flow cytometry was performed to confirm the presence of marrowderived type II pneumocytes. By pro-SP-C immunostaining, type II cell content of digested lung preparations ranged from 10-30%, with similar percentages obtained by PAP staining. In the actineGFP mouse, eGFP-fluorescent cells comprised 50-55% of all lung cells, and 70% of type II cells.
Twelve mice that received actin-eGFP bone marrow were analyzed at intervals of 1 mo and 3 mo after transplantation. In the lungs of these transplanted mice, eGFPϩ cells accounted for 2-25% of the digested lung population, and in some animals, a small number of cells appeared to co-express eGFP and pro-SP-C (Figure 2 ). The percentage of presumptive donorderived type II cells ranged from 0-1% of the whole lung population, and comprised 0-8% (1.81 Ϯ 3.05%; n ϭ 12) of all type II pneumocytes. Apparent pneumocyte engraftment did not differ significantly between 1 mo and 3 mo after transplantation.
To evaluate this further, we examined eGFPϩ and pro-SP-Cϩ cells in directly cytospun preparations from the actin-eGFP mouse ( Figure 3A ) and transplanted mice ( Figure 3B ). Of all pro-SP-Cϩ cells, the vast majority contained abundant cytoplasm and exhibited a granular pro-SP-C staining pattern consistent with the type II cell phenotype. eGFPϩ, pro-SP-Cϩ cells with this staining pattern were frequently detected in the actineGFP mouse ( Figure 3A) . A subgroup of pro-SP-Cϩ cells, however, was smaller with scant cytoplasm-an appearance that was not consistent with a type II pneumocyte. These round, smaller cells were infrequent, forming Ͻ 0.5% of the pro-SP-Cϩ cells in all mice analyzed by this method. In mice transplanted with eGFP bone marrow, however, these small cells accounted for all of the double-positive cells ( Figure 3B ). In contrast to our previous findings, these data argue against marrow engraftment.
To further resolve the identity of these small round cells, we performed PAP staining on all eGFPϩ lung cells derived from transplanted mice. PAP staining of eGFPϩ lung cells from a transplanted mouse did not reveal any cells consistent with a type II cell phenotype ( Figure 3D ). Characteristic type II cell staining was only observed in eGFP-negative cells. Importantly, PAP staining of eGFPϩ lung cells from an actin-eGFP donor mouse imparted a characteristic type II cell appearance, with dark violet staining of lamellar bodies ( Figure 3C ).
Marrow Engraftment Assessment after Transplantation with SP-C-eGFP Bone Marrow
To help resolve these conflicting findings, we employed a transplantation model in which type II epithelial cells could be recognized without use of antibody binding and cell fixation. We performed transplantation studies using donor mice that express eGFP under the direction of the human SP-C promoter (SP-C-eGFP), thereby limiting eGFP-labeling to type II cells (11) . With this donor mouse, type II cells have been readily identified by eGFP fluorescence on flow cytometry (11) . Six mice transplanted with SP-C-eGFP bone marrow were analyzed by flow cytometry at 2 wk, 1 mo, and 3 mo after transplantation. No live eGFPϩ cells were detected in any transplanted mice, though In addition, lungs from eight mice transplanted with SP-CeGFP marrow underwent histologic analysis at intervals of 2 wk, 1 mo, and 3 mo, with detection of eGFP performed by viewing frozen, unfixed sections, and by performing IHC and IF staining on formalin-fixed, paraffin-embedded sections ( Figure 5 ). Over 30 lung sections from each transplanted mouse were examined. For all transplanted mice, not a single eGFPϩ cell was observed.
Marrow Engraftment Assessment by Deconvolution Microscopy
In view of the discrepancy of our results regarding marrowderived pneumocytes, we re-examined lung sections from mice transplanted with actin-eGFP-bone marrow. Using thinner (2 m) lung sections with immunohistochemistry and immunofluorescent staining, single cells that were both eGFPϩ and pro-SP-Cϩ were still observed (data not shown). We next reanalyzed these sections by deconvolution microscopy. As shown in Figure 6 , standard fluorescent microscopy images show a cell with apparent co-expression of donor-specific (eGFP) and lung-differentiated markers (pro-SP-C). After deconvolution and three-dimensional reconstruction, however, the pro-SP-C signal is seen to reside just outside of the donor-derived eGFPϩ cell. Similar findings were observed in our analysis of double positive cells from over 100 lung sections. The distance between the pro-SP-C and eGFP signals was as little as 300 nm, and was not always apparent until a three dimensional image had been viewed from multiple different angles. In contrast, deconvolution and three-dimensional reconstruction on lung sections from both the actin-eGFP and SP-C-eGFP donor mice demonstrated clear co-localization of the eGFP and pro-SP-C signals ( Figure 7) . 
DISCUSSION
Our initial data supported the possibility that marrow cells could repopulate the lung as type II cells, though at low frequency. Using basic enzyme histochemistry, immunohistochemistry, and immunofluorescent staining, we appeared to identify marrowderived cells whose granular, compact morphology, location in the corner of alveoli, and punctate pro-SP-C staining suggested a type II epithelial cell phenotype. By using more rigorous methodology, however, these findings were found to represent false positives with no evidence of engraftment. Previous positive engraftment results in lung may have similarly resulted from flawed methods, and should be carefully re-examined using a rigorous set of standards. This includes use of donor mice that express reporter genes under cell-specific promoters, and evaluation by deconvolution or confocal microscopy.
We are cognizant of the fact that we cannot discount the possibility that the observations reported here are only relevant for the experimental system employed in this work. We chose, however, to perform these experiments during the early postnatal period, a time of ongoing alveolarization. A role for the marrow cell in populating the alveolar epithelium should, thus, be evident at this time. One lesson from these studies is the necessity of using multiple complementary techniques to evaluate engrafted cells.
The importance of using multiple detection methods is emphasized by our cytospin findings. By immunostaining of cytocentrifuge preparations, double-labeled lung cells from transplanted mice, thought to be marrow-derived type II pneumocytes, were visualized instead as small eGFPϩ cells with an atypical homogenous pro-SP-C stain. By PAP staining we did not detect lamellar bodies within these cells. This overall staining pattern was rare, was not readily apparent in histologic sections, and may have resulted from fixation and permeabilization of the lung suspension. Although necessary for intracellular antibody staining, fixation and permeabilization increase background, eliminate the ability to exclude dead cells that fluoresce or bind antibody indiscriminately, and may lead to nonspecific intracellular trapping of antibody conjugates. Alternatively, a small number of cells with nonspecific staining could result from the uptake of the pro-SP-C protein by other cell types (i.e., leukocytes) during proteolytic tissue digestion.
We believe that false positives resulting from tissue fixation and antibody staining artifacts can be avoided through use of donor animals that express fluorescent reporter genes under cellspecific promoters. In this regard, after we transplanted irradiated neonates with bone marrow from the SP-C-eGFP mouse, cells with intrinsic green fluorescence were expected to indicate both donor marrow origin and type II cell phenotype. The fact that no eGFPϩ cells were identified by flow cytometry or histology was in distinct contrast to our results using a donor mouse with ubiquitous eGFP expression, and offers further support that marrow cells did not engraft as type II cells.
If using donor mice that express reporter genes ubiquitously, rigorous methodology should be employed to avoid the misinterpretation of dual fluorescent signals that arise from two overlapping cells. The potential for this type of error is especially high with studies focused on alveolar cells due to the intricate and closely apposed vascular system that branches and bifurcates extensively. Because of this, contiguous circulating blood cells may give rise to a false positive signal. Further, inflation and fixation procedures may cause, in part, the close apposition of alveolar macrophages to type II cells in tissue sections.
Using a conventional wide-field microscope, fluorescent light emitted by a specimen is collected and magnified through the objective lens to yield a specimen image. Identification of colocalized fluorescent structures with this method assumes that both fluorescent signals originate from the same plane. In fact, light from in-focus structures, situated at a depth corresponding to the focal plane of the objective lens, has been estimated to contribute as little as 1-2% to the viewed image (16) . The remaining incoming light may consist of blur artifact from objects above or below the focal plane.
In deconvolution microscopy, optical sections are obtained throughout the depth of a specimen, with subsequent application Figure 7 . Three-dimensional reconstruction by deconvolution microscopy. (A-D) Different rotational views taken of a presumptive marrow-derived type II cell from a mouse transplanted with actin-eGFP bone marrow. Though the eGFP and pro-SP-C signals initially appear merged, C reveals that the pro-SP-C protein actually resides outside the eGFPϩ cell (white arrow). The distance between the pro-SP-C protein and the outer edge of the eGPPϩ cell was ‫ف‬ 300 nm. By contrast, rotational viewing in the SP-C-eGFP mouse (E-H ) shows co-localization in all images. For each cell analyzed by deconvolution, 60 rotational views were examined to evaluate for co-localization. Size bar ϭ 15 m.
of a mathematical algorithm to each section to distinguish outof-plane blur artifact from in-focus florescence. Blurred light is subtracted out or reassigned to its in-focus location, to yield a deconvolved image. This improved resolution is further enhanced by combining the stacked images to construct a threedimensional view, which can be rotated and viewed from all angles. With this method we showed that those cells which appeared to co-express eGFP and pro-SP-C were actually composed of an endogenous pro-SP-Cϩ type II pneumocyte overlaid by a marrow-derived eGFPϩ cell. Though the identity of these marrow-derived eGFPϩ cells was not further examined, we suspect they could be macrophages because of their abundance in alveoli and their ability to adopt a variety of morphologic shapes. It should be noted that chromatic aberration and other imaging errors may conversely cause co-localized structures to appear spatially separated after deconvolution (17) , but this was not observed with lung sections from actin-eGFP and SP-C-eGFP mice.
Previous strategies used to avoid false identification of colocalized cells have included the use of thinner tissue sections, and staining of serial sections with CD45 or CD68 (18) . We found, however, that falsely co-localized cells could still be found in 2-m sections. Moreover, serial sections have been demonstrated to be inadequate for excluding overlapping leukocytes (19) . Deconvolution microscopy offers superior resolution to conventional wide-field fluorescent microscopy, and when combined with three-dimensional reconstruction, has been shown to resolve overlapping structures located 100 nm apart (20) . Another effective microscopy tool would be confocal microscopy, used by Spyridonidis and colleagues to demonstrate both true colonic epithelial chimerism and false-positives in sex-mismatched transplant patients (19) . Instead of relying on computational methods to subtract out blur, this microscopy technique avoids its initial inclusion with a pinhole aperture that blocks light originating outside the focal plane.
In summary, we did not find evidence for a role for the bone marrow in populating the alveolar epithelium in the neonatal lung. Our results highlight the potential danger of establishing lung epithelial engraftment solely based on standard fluorescent microscopy and flow cytometry of fixed cells. Because of positive engraftment results based on these techniques, several investigators have recommended clinical trials using marrow cells to reconstitute the diseased human lung. Our findings question the fundamental rationale and basis for this type of therapeutic strategy.
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